Loss of pulmonary elastic recoil in workers formerly exposed to proteolytic enzyme (alcalase) Gandevia, B. (1976) . British Journal of Industrial Medicine, 33, [158] [159] [160] [161] [162] [163] [164] [165] Loss of pulmonary elastic recoil in workers formerly exposed to proteolytic enzyme (alcalase) in the detergent industry. Sixty-seven workers in the detergent industry whose exposure to proteolytic enzyme ceased in 1969 have been examined clinically and functionally. By comparison with 42 lightly and moderately exposed subjects, 13 heavily exposed subjects showed significant loss of pulmonary elastic recoil as evidenced by increased lung volumes and increased pulmonary compliance, but there were no differences in airways resistance or other parameters of lung function. No difference was found between the two groups in relation to symptoms on exposure, current exercise tolerance, skin reactivity to the proteolytic enzyme alcalase, trypsin inhibitor capacity, and other features. An increased clinical grade of breathlessness was associated with evidence of airways obstruction, but not of altered elastic recoil. Comparison of the data on lung mechanics with results obtained in 1970 suggests that partial recovery of pulmonary elastic recoil may have occurred in some cases. It is also suggested that diminished elastic recoil, in the absence of impairment of transfer factor at rest, may reflect altered physical properties of the lung fibre network without loss ofeffective surface area available for gas exchange.
A survey of 98 workers in the detergent industry in 1969 indicated the presence of asthmatic symptoms in 50 % of the workforce during periods of exposure to the proteolytic enzyme alcalase derived from B. subtilis, but tests of ventilatory capacity and transfer factor in these employees showed no evidence of loss of lung function (Mitchell and Gandevia, 1971a) . Subsequent bronchial challenge tests with doses less than those likely to be encountered in a day's work confirmed the occurrence of asthmatic symptoms in some subjects, with or without manifest skin reactivity, and also revealed a virtually asymptomatic pulmonary reaction characterized by diffuse fine rales and interpreted as occurring in small airways (Mitchell and Gandevia, 1971b ). In 1970, detailed studies of lung mechanics in 37 subjects, selected on the basis of degree of exposure, demonstrated significant loss of pulmonary elastic recoil in the group classified as heavily exposed by comparison with those lightly exposed (Mitchell, 1976; Gandevia and Mitchell, 1973 ).
Alcalase has not been used in the detergent industry in Australia since 1969. Re-investigation of all available employees or ex-employees was undertaken three years later as part of an agreement made in 1969 between management and trade unions.
Lossofpulmonaryelastic recoil in workersformerly exposed toproteolytic enzyme in thedetergent industry 159 not epidemiologically ideal, but review of all the information available, including the results of the three previous studies, reveals no evidence of any bias in the subjects accepting re-investigation which might influence the interpretation of the present results.
Estimates made in 1969 of the severity of exposure were available for 64 subjects. These assessments, which took into account known place and type of work and the environmental enzyme levels measured after some initial improvement in dust control (Simson and Simpson, 1971) , were as follows:
1. Heavily exposed: those subjects who had handled the pure commercial enzyme in its original finely divided dusty form, or who had worked in adjacent areas known to have had high environmental levels. 2. Moderately exposed: those subjects heavily exposed to the end product, in which the enzyme is diluted, usually at the packeting machines or in the reclaiming process.
3. Lightly exposed: those subjects lightly exposed only to the final product, working usually on the packeting machines or in the store. Three subjects with little exposure and normal lung function have been excluded from most comparisons because data from the 1969 survey were not complete.
Answers to questions put in 1969 concerning respiratory symptoms (nasal symptoms, cough, sputum, wheeze, chest tightness, and shortness of breath) during or after exposure to enzymes (Mitchell and Gandevia, 1971a) were available for 52 subjects (46 men and six women) and were grouped as follows:
1 (Hall and Gandevia, 1971 Subjects were also classified as reactive on skin tests if they had a + + or greater reaction to one or more of the common allergens and as non-reactive if no reaction of this size was obtained. Alcalase for prick testing was prepared by adding 0 5 mg dry powdered enzyme supplied by Lever Bros. to 0 5 ml water to produce a concentration of 1 mg/ml (Pepys et al., 1969) .
Respiratory function Ventilatory capacity Forced expiratory volume in one second (FEV1) was measured with the subject seated using a 9-litre Collins spirometer. Values were corrected to BTPS.
Single breath carbon monoxide diffusing capacity (transfer factor) This was performed using the method of Ogilvie et al. (1957) , as modified by Cotes (1968) . A Resparameter Mark IV (P K Morgan) was used with a washout volume of 700 ml, alveolar sample of 600 ml, and a breath-holding time of 10 s. Gas analysis was by gas chromatography. Inspired gas consisted of 5 % neon, 0-4o% carbon monoxide, 21 % oxygen, and the balance nitrogen. Alveolar volume, transfer factor (DLCO), and diffusion constant (Kco) were calculated (Cotes, 1968) .
Lung volumes and flow-volume curves Inspiratory vital capacity (VC) was that measured at the time of estimation of diffusing capacity (corrected to BTPS). The functional residual capacity (FRC), inspiratory capacity and flowvolume curves were measured in a volume displacement body plethysmograph (Emerson) as described by Mead (1960 (Mead and Whittenberger, 1953) .
Of the 64 subjects (excluding the three with incomplete 1969 data) in whom measurements of ventilatory and diffusing capacities were made, four subjects would not enter the body plethysmograph, and in eight the oesophageal balloon was not passed because the subject refused or the attempt failed. In one subject the recordings of oesophageal pressure were considered technically unsatisfactory, For comparison of results between exposure groups, lung volume results were therefore available in 60 subjects and lung mechanics in 51.
Trypsin-inhibitor capacity This was estimated using benzoyl-arginine-p-nitroanili as substrate (Erlanger, Kokowsky, and Cohen, 1961) on subjects as a group, with control sera from patients w: known deficiency.
Chest radiographs Standard posterior-anterior and lateral radiographs 62 subjects revealed no material abnormalities, and su minor changes as were noted (for example, promine bronchial walls) were unrelated to severity of exposure.
Results
No differences in the results of lung function tez were found between the light and moderate exposu groups in this or in the previous follow-up surv (Mitchell, 1976; Gandevia and Mitchell, 1973) Current dyspnoea A history of cough and sputum (P < 0-05), 'asthma' (P < 0 05) and the presence of a loose cough on request (P < 0 01) were significantly more frequent in the 26 admitting to current dyspnoea than in the 41 subjects with normal exercise tolerance. Lung function results for the men complaining of dyspnoea were significantly different from the men with a presumably normal exercise tolerance in indices of airways obstruction, namely FEV1, FEV1/VC(Y%), V max 50% TLC, and RL (Table 3 , in which the results have been standardized for age and height). No significant differences were demonstrable between these two symptom groups in relation to any of the indices of pulmonary elastic recoil.
Lung function tests
The results of lung function tests are shown in Table 4 . Significantly higher values in the heavily exposed group were found for TLC, CL stat, CL stat tidal, and VL 10 cm H20. Transpulmonary pressures at TLC were less in the heavily exposed group but the differences were not significant. The Figure shows the mean curves for the two groups.
Kco was lower, but not significantly so, in the heavily exposed group, but this reflects a greater alveolar volume in this group. Because of the different mean ages and heights between the exposure groups (Table 1) all results were standardized to the average age and height of the series on the basis of a linear regression derived from all the data for each test (Snedcor and Cochran, 1967) . Comparison then revealed that the difference in TLC between the groups was no longer statistically significant but the other differences remained.
When non-smokers, ex-smokers, and women are excluded comparison of standardized or unstandardized data between exposure groups with similar smoking habits confirms the changes found for the unmodified groups. Total lung capacity again emerged as significantly greater in the heavily exposed group.
In both comparisons, FEV1, RL, and V max 50 % TLC are similar in the two exposure groups.
Comparison of 1969 and 1972 results
For those subjects who were included in the functional studies in 1969 and 1972 there has been an overall change in results (Table 5) . Although the mean changes are of greater magnitude in the heavily exposed, they are significant only in the lightly and moderately exposed for CL stat and lung volume at transpulmonary pressure 10 cm H20. The trend in both groups is consistent with an increase in elastic recoil, in that there is a decrease in TLC and in lung volume at a transpulmonary pressure of 10 cm H20, a decrease in CL stat, and an increase in transpulmonary pressure (relaxed) at TLC. Analysis of results for individuals reflects a similar internal consistency. Of the 21 subjects on whom all these indices were available for both 1969 and 1972, nine (five lightly or moderately exposed and four heavily exposed) showed the changes of increased recoil and one (heavily exposed) showed changes of decreased elastic recoil. The remaining 11 showed inconsistent but small changes. Trypsin-inhibitor capacity In three subjects (two lightly or moderately exposed and one heavily exposed) trypsin-inhibitor capacity was markedly reduced but not absent. A further 10 subjects (six lightly or moderately exposed and four heavily exposed) showed an intermediate reduction in activity. As a group the subjects with decreased antitrypsin activity could not be distinguished from those with normal activity either clinically or by pulmonary function tests; one individual with intermediate antitrypsin activity showed changes of decreased pulmonary elastic recoil, but none of those with markedly reduced activity.
ILE 2 SKIN REACTIVITY

Discussion
Compared with a group of lightly and moderately exposed workers, subjects formerly heavily exposed to alcalase show loss of pulmonary elastic recoil but no differences in airway function or transfer factor. The present findings in all available employees therefore confirm results previously obtained in a series of subjects selected specifically on the basis of exposure (Gandevia and Mitchell, 1973) . Neither study reveals any indication that factors other than severity of exposure (such as exposure, skin sensitivity, respiratory symptoms and signs, or trypsininhibitory capacity) are related to this altered pattern of functional behaviour. The heavily exposed workers could not be differentiated from lightly or moderately exposed workers on the basis of current symptoms of dyspnoea on exertion, physical signs of a productive cough or rales on auscultation of the chest, skin reactivity to alcalase or common respiratory allergens, or respiratory symptoms during the period of exposure some years ago. Tests of ventilatory capacity, diffusing capacity, and pulmonary resistance also show no differences, indicating the failure of these tests to reflect an alteration in elastic recoil (Knudson et al., 1973) . Weill, Wadell, and Ziskind (1971) also found no differences between heavily and lightly exposed subjects in these aspects of lung function. The failure of symptoms on exposure to be correlated with loss of pulmonary elastic recoil is not unexpected, partly because symptomatic reactions are likely to reflect reactions in mediumsized bronchi, and partly because virtually asymptomatic acute reactions, occurring probably in small airways, have been observed in the course of provocation tests (Mitchell and Gandevia, 1971b )* and during occupational exposure.
Loss of elastic recoil may be secondary to bronchial obstruction (Finucane and Colebatch, 1969; Colebatch, Finucane, and Smith, 1973; Gelb et al., 1973) but this is an unlikely explanation for the present results. Subjects with loss of elastic recoil as a result of bronchial disease have had severe and persisting airway obstruction (Finucane and Colebatch, 1969) indicated by a reduction in FEV1, VC, and airway conductance. None of our subjects had airway obstruction of a severity comparable with that found in some asthmatic subjects (Colebatch et al., 1973) nor had they suffered clinical syndromes of comparable severity in the past, except perhaps in a few instances for short periods before they stopped using enzymes in 1969. In any case, bronchial obstruction associated with increased TLC and decreased transpulmonary pressure at TLC tends to decrease rather than increase lung compliance as a result of early exclusion of some lung units (Finucane and Colebatch, 1969) .
The volume-pressure characteristics of the lungs in the group of workers heavily exposed to alcalase deviate from the group moderately or lightly exposed in the same direction as the abnormality found in animals with papain-induced experimental emphysema (Pushpakom et al., 1970; Caldwell, 1972) or inhuman subjects with structural emphysema (Finucane and Colebatch, 1969; Colebatch et al., 1973) . In experimental emphysema the steady-state *We should like to stress that we do not advocate challenge tests with active enzyme preparations Loss ofpulmonary elastic recoil in workersformerly exposed toproteolytic enzyme in thedetergent industry 163 FIGURE. Mean static deflation volume-pressure curves from total lung capcity to residual volume in nine subjects heavily exposed to alcalase and 31 lightly and moderately exposed (men only, non-smokers and ex-smokers excluded). Interrupted curve indicates normal curve for 10 subjects (Colebatch et al., 1973) . Horizontal lines show the standard error of the mean for each transpulmonary pressure measurement and vertical line the standard error of the mean for lung volume at transpulmonary pressure of 10 cm H20. carbon monoxide diffusing capacity is decreased . (Pushpakom et al., 1970) and in human subjects with emphysema the single breath carbon monoxide diffusing capacity is diminished (Ogilvie et al., 1957; Gelb et al., 1973; Bates, 1958; Bedell and Ostiguy, 1967) . In this investigation the transfer factor of the lung was the same in the lightly or moderately exposed and in the heavily exposed, but the differences in elastic recoil measurements between the two groups are not of the same magnitude as those found between clinical emphysema andnormality (Finucane and Colebatch, 1969) . It is thus unlikely that in our cases there is widespread destruction of alveolar septa with loss of pulmonary capillaries, but the fibre network may still have been affected; focal emphysema may be produced experimentally by alcalase (Goldring et al., 1972) . This may serve as a possible explanation for our finding, if it is accepted that measurement of transfer factor at rest may not be sufficiently sensitive to reflect relatively small changes in effective surface area; a current project is directed towards the study of this problem. Gandevia and Mitchell (1973) found evidence in two subjects heavily exposed to alcalase of progressive loss of elastic recoil between 1969 and 1970, after exposure had ceased. A third subject showed no change after a period of months. Except in one subject, the present investigation does not provide evidence for further loss of pulmonary elastic recoil after enzyme exposure had ceased. Systematic variations between the 1969 and 1972 results may have occurred from the use of the nitrogen washout technique for the estimation of FRC in 1969, and the use of different equipment and personnel. These factors will not account for the observed increase in elastic recoil because internally consistent changes were found in two independent measurements (volume and pressure), and because the magnitude of the change would require inconceivably large systematic errors in calibration, beyond the recorded day-to-day calibration variations. Furthermore, the plethysmographic method of deriving TLC is likely to give a result larger than the nitrogen washout method (Tierney and Nadel, 1962) , the reverse of the observed change between the two studies. The evidence is therefore against a progressive loss of elastic recoil in the two and a half years since last exposure to proteolytic enzymes, and more suggestive of its restoration, although individual cases may deteriorate. No clinical or functional evidence to suggest interstitial disease has emerged from this study or from the initial survey (Gandevia and Mitchell, 1973) .
The observed loss of elastic recoil in the heavily exposed group cannot be responsible for limitation of exercise tolerance, and the symptom of undue breathlessness on exertion was in fact described with equal frequency in both exposure groups. On the other hand, this symptom was significantly associated with clinical and functional evidence of disordered airway function. In the present context, the clinical and medico-legal importance of diminished elastic recoil may lie not so much in the possible development of advanced (clinical) emphysema as in its facilitation of the effect of a bronchoconstrictor agent. In cases of asthma, initiated by occupational exposure to alcalase, confirmed by skin and bronchial sensitivity tests, and recurring after cessation of exposure, this mechanism may be contributory. 
